
A major purpose of the
Technical Information Center is to
provide the broadest dissemination
possible of information contained in
DOE’S Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Althuugh portions of this report
are not reproducible, it is being
made available in microfiche to
facilitate the availability of those
parts of the document which are
le@31em

3



●LA-UR -87-571

LOS Names Nallonal La~ofalorY IS ocmremti bv me Unwnrww of Calllorma fcr the Umled slates Dewarlmenl of Energy under conlracl W-740 S-ENG.36

TITLE: AN ATMOSPHERIC CORRECT ON ALGORITHM FOR REMOTE IDENTIFICATION
OF NON-LAMBERTIAN SURFACES AND ITS RANGE OF VALIi)ITY

AUTHOR(S)’ ANNEGRET GRATZKI, T-DOT

S.A.W. CERSTL, T-DOT

LA-UR--87-571

DE87 006059

SUBMITTED TO. FOR PRESENTATION AT THE IGARSS ’87 MEETING TO BE HELD AT THE
.UNIVERSITY OF MICHIGAN, ANN ARBOR, MICHIGAN, my 18.2],, 1987

DIsCLAIMER

Thiarcporl waa proparcd as ~nn-un! ofworkupnmrd bynn agcncyor the Unild Slaleo
GovernmcnL Neitherthu United Slaloa Govclnment noranyagcncy thcraf, noranyoilhcir

employ=, maken any warranty, eapreaa or implied, or anaumenrrny le~al liability or rcnpnd.
hility for Ihc accurtcy, C.omplelanaaa,or uwfulnemofiny Information, appuralus, producl, or
procaes diacloacd, or rwpreacnts!hal its uw would not inhirrEc privately ~wncd rlghln. Refer.

FEBRUARY 20, 1987
cna herein to any spcific commercial product, procccn,or WIVICCby trade name, trademark,
mnnurnclurer, or otherwise dots nol nccc~arily mnnlltutc or imply its cndrmcmcnt, rccom.
mcndaiion’, or favorina by the United States Govcrnmcnl or any agency Ihcrcuf. The view!
and opkriono of author? exprcaacd hareln do no! n-~nariiy state or fcflccl lh~c Or the

#
Urrhed Stalca Oovarnmen[ or any ●gancy ihercd.

OyeCCu UtenC~of lh. snflttl* Ihopubllst)er recognlteolhsl!heu S Oovernme,ll rntmlos anor,encluatbe, royally .freellconn8 lo Vubl,$hortnprodtjr, ~

trIr?utIL711sMclfurm of lh,~ confrtbuhon of to allow olher# to do 30, tar US Goverftmenf oufooges

Tho Los tlnmn~ Nal!Onnl Lfiborn~ory roquenln Ihnl II?. oubllyher (denllly lhIs arlIclo ●sworh Derlornndundnf lhoauo~lceaofll)ai~ s rr~[Iqr ImOIII ,111 !Icrqv

.- —— —. .— .-— —— ._

~~~~1~~~~ LosAla,
Los Aiamos National Laboratory

Ills RIHIIIII)N lit I I i ( ‘I!’ (I ill Ildlfvlll t!]

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



AN ATMOSPHERIC CIJRRECTION IQLGoR~THM FOR REMOTE IDENTIFICATION OF
NON-LNIBERTIAN SURFACES ~~~~ ITS RANGE OF VALIDITY

Annsgret Grstzki and S.A.tJ. Gerstl

I.~c, Alamos National Laboratory
rhraoretical Uiviaion? MS-F371

Los Alamos, NM S7545

The usef~,lrless uf remotely sensed surface

data dapends m the abllltw to correct
for atmospheric pmrtubaklcns an the

1. introduction

‘?lqnal% received bv rmdlommtws aboard
awcraft or sat~llites in tho vieiblm or
near-~nfrarmd wavelength reg~oil :ontain

information about the Earth’s surface and
the atmosphere. In the came of surf ace

I- Grout ● serlalnq. the atmsmph-ric siqnal
L:J ‘.tndu~ir~dblw buc.~u%a It Lmdc to blurr
t he !I,ALA arid thmretrre mal e9 ●urface

t,’;’nl.ifi~~tlm mt;re difficult
(ne+.2} . Th*ae at,nmmph.ric ● f$ects
,Jq)mnd m marl t parammtmr~ includinq

sur fac9 reflectarlc. Charact.eristjcs.
awm-a~l and q ~muaus optic~l

ch~ractmrimt.its, cloud%, 801 ar zmnit.h
~riql o ral)d dirmction of ubaervatlm ~f
Off--nadir 9.nsQrs w ● conmiderd. Sinc9
aff-mddir remote senwlnq pravldem im-
po~tent infrsrmation ab CM t v~qe?ative
awf. acres (R@#.Z), it im dmmirablo to h~we
4n *tmosp:lorl c correction alquri thm
,.1’tablo for aff-nmdir look ~riul.s. Sucl) an
,atmospheric corroctlm alqorlthm naa
r~rmr]kl w bem propomod by Uer9tl and
‘limmer (R@f.1) . Th@ alqwithm r.trlw’+ws

this ~nqular distribution of the reflected

r~dlanca directly above a non-Lambertian
.~urf q~e f,.am rddldnce mmasurementg ●t thm

top G4 tF,~ atmoaphmre . This alqcwithm

l= tested and it= ranqm of applicability

d.ntarmined.

--. Model Description

The slqnal recmlved by a radimnetar

●baard an ●~rcraft @r satelllte cmsl=ta
o+ three components:

(1)

!2)

(:)

radiation from the .Iewed surface,
mcrdified by the atmosphwa

radiation that does not rmach the
%urfac. and comes tcl ~h~ ●erls,Jr

thrnuqh atmospheric acattarlnq

, r,dl.~t~un frum =ul-ruundknq Gurf,acam
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The symbol R stands for the normal’

radiance distribution function as

fired In Re+ .1 and 1S C?ill Sd “r--f
t,anc~” for brmvity.

R(z-olFi ) ,

~(+5) :

d~ri ved re+lzctancs .3t
●urfac-

: ed

de-
elz-

the

simulated msasured reflec-
L3nce at the top 0+ the

atmm%phere

calculated atlmo%pherlc effect

calculated reflectance at the
tap of the atmosphere with M

optical thic~.ness Z above a
Lambartidn sur+~cc with

(,lbado~

calculated reflectance abave

the Lambertlan surface kltn

(“ground t~uth”) was also derived from
the calculations. Thm correction ~as made
With tt-oe same atmospheric parameter%.
but Lambmrtian surface with the albedo uf
cnnl ferous forest at A =0.6s

P and
x =0.ss

Pof
( d=l>.131S and 0.C)97) and the

al bado savannah for X=l).hspm
(U=I>.(:)9Z) . In the vlslble reflectance
at the surface can be reproduced with
3r! error c).F la)ss then 15X for cO-
ITI fer,nus forest and less then 1(j :( + or

z.av.+nnah with /l~W zenith anqles dnd

5131 ,ar zenith angl es smal let- then 6(:1 *.

For ~ =0.35~ the error 15 less then ‘3X

f ,3r :enith angles ,smal ler than 60*.

!. Model Sonsitlvlty

I i, ~’le total optical depth D+ the stmos-

CrlE?re 1S \nOWn, ●ssumptions have ta be

n :Ii!a about the Jertical profiles a+:
- pt>aso functiun AS e::pressed b; thn

.fi5,,mma Lr- ,’ q.arfimmter q(:)b
- sllqle ‘;catterlnq albedo Q (=)
- ~,p~~,:~~ d~pth ~ (z)

73 zkud~ the serlsltivity D+ the model to
thc%e assumptions. calculations were made
with varlatlone of cj(z), & (~) anfi ~(:)

t ,2 unc ref+ronco came (Flq.1) that ts

chaowen as
- X=O.65 pm
- midlatltudm mummer atmosphere
- rural aerosol in the boundary laver

(1 to 21:m) with a surface vlwal ranqa
of 2: km

●
- solar senith ●nqlo 20

measurmd RRDF of conifermuc forest.

-
The vertical profiles of q, Q and T fnr

the refwmce modol are ●hewn in table 1.
To perform the ●mnaltlvity study, ORIV

one of t.lls thrme parammterm wag varied

-and all other% kept r:onmtant in the

fmllowing wavi
- %et q to a constant, walu- An all

1 Avern
- chanqa of ~ In the boundarv lavW and

troposphara, Ieopll I thm total optical
daDth (:~n,tarlt

- set Q to 1.0 in all layermm

TCJ %tudv the lnfluoncm of thm ~mrtical
Ilrofllm of % , Imavinq the total clptic~l

thicl,r)amm constant. % was knct-eam~d In

the boundary layer ●n d corrempondlnqly
~jmcrmammd in th- tropomp,lere and vice
we? Wa.

AfTa,p m -47SL
[2)

IJnly tho aerosol optical thicl’nesm w.4m

chanqmd minco this 18 thm mnmt variablm
p~ramotwr. Thare wwre no chanqam mad. I n

the cp:ical depth nf the upper atmo8-
phwra sines thl’h in$luance is nwqlw~~lbim.
t?m can b

YY

seen from Flq.2 tho flul:

d$ ~(~,+)c~e~in~de (3)

( 1. i+ ~t% r,a%finc~) at, Lhe Lup c1f the

●?t.mmsph@re i s mlqnlfic~ntly ~rlfluenrmd
whmnAt~k 1= pomitiv or r}oqat,iv. lf ATBL1%



.

.

neqatlv. the total ciownw~rd flux at the
surface ls reducmd, and therefore the

the ●r-or

Calculatlon9 were mad. changlnq q 111
@very laver to 0.0, 0.2, 0.4~11.6 and 1:!.7.
The choice cf u (Fiq,4 ●nd 5) ham miQ-
nlflcant lnfiuenCS on the downward flux
fnachlnq tke SL1l-~dKe and thm upward flux

,at the top of thw atmosphere. Since the

albedo of the sur face Is vary 1Ow
(A=l:).l)ls) , the upward fiUX from the

~sur f at:= I 5 nat very much influenced bv

the CI-IOICG Of Q. Tho ●ccuracy raf the

,jerl ved refloctanc.s at tha ●ur fac.
!Eq. 1) Ii ma~nly lnfluoncod by thm upward
+114:{ at the top of tho atrnomphero,

which ●hnwm valuom mors than t Wo tamm
h I qhwr than thm raformnco cam.. rho

rcawon for thim dtffmroncm 18 that

kn roducinq thm forward ●cattmrlnq

peak ●nd moving towardm ● morm ~90trop:c
phase function (g*o), 1 e99 radiation

redch~s the nur f acm ●nd morm radi-

.mt~mn 19 dlroctly ●cattermd back tO

th~ top of tho at.mo8pherm. That mouns, 1+
Ail t~,o ~th~r psrammters arm known. q ham
to be determined very accurately to
●utlmatm thm atrnosphorl c ●ffoct cor-
rectly. As our calculations show, ● valuo
of lam:!.?. wnich reprementn ● difforance
of 7% to tho raferonco q In tho boundary
Iavmr sr~d lIJ% in thm tropo8Dhwm. still
producom ● rrors UP tc 16% for tho murfacm

dnqular distrlbutlGn IS shown in FICJ.6,
whet-s the r-al ati..e dl+ferenca. as defined
In Eq. 4, 1s plGtted aqalnst khe ~law

:Snlth Angle and averaqad !o~er ●ll .lew
5:IITILI+!I anqles. Tlie .-.halce Gf ~ has =lq-

-.l f ll:~rlt lntluenzs .an the sngu~ar dlstrl -
thtl~n. especlall / +or &WSIO . CIs m e
.%IJLl~d d:peCt. the srrar dries not ancrm:sm

with :;ecreaslnq q. The rpa~~n can be
~e.:.n fr21n clq.7 . which shows how the

snerrjj for a Tjpeclflc LJ 1s distributed

dr.~pendlnq ;-n the zen~th .anqle. DependLn,2

an the form of the +orward zcatterlnq

pea} , more or 1-55 energy 1= dlstrlbLited

kcl 1 uwer zenith anqles, which Ln turn

<(f@cts the accuracy of the calculated

atmnspherlc affect.

m
‘Sir’lce CJ 15 very hlqh :n the vlslble for
the low-r elevations of the atmosphere,
the errlor (RD) induced by ~ssumlnq ~ =1

IS smaller then 1% for6!!~=0 an~ incre~em
to 15% for ~;W =60*.

5. Con~l~*~~on~

l=or 1 aw npt~cal depth 7 s 0.04 the modal
can reproduce the radiance distribution
at the surface with bettor than /i 5“.
accuracy for All view zenith angles
and solar zenith ●nqles ●mailer than 60*.
The phase function, or the ●mymmetry
parmmeter g, hae to be ) n rwn very
accurat~ly (Ag4:lo%) to d-termlne the
tatal ●mount o+ .narQy ●nd to abta~n the
correct ●ngul ●r reprementation. For

atmoaphoroa with low optical depth, thm
alqorlthm gives better remults when the
optical depth in thm boundary layer lM
underemtlmatad at thm comt of over-
●mtimatlnq the optacai dmptrr An the
troposphere.
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Fi . it ●) simulated mmamurmd rofloctance
*b.tion ●t th. t...+ thw .tm..ph.r.

b) simulated roflmctanc~ distri-
bution (“qround truth”) abovg ● contf*r -
vous farmst

c) dnrivmd ro+lectancm aistrl-
bution abovm ccml+arous forost, calcu-
lated with the atm. correction +ormaiism

d) relativo di$+erence (RD} bm-
twemn thm simulatmd and dmrivod re-
$l@ctancos at the surfacm In pmrcent
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FIQ.2 : Upwdrd f lU,: at esch mcdatl la{or
— reference atmospoero. Lambertlan
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